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corresponding percentages for overall federal support of research and
development.  The data also show that the ratio of total funding applied
to total basic funding for the overall federal program in 1985 is about
6:1, versus a ratio of 2:1 for the federal program in electrochemistry.
A ratio of 10:1 is the rule of thumb for high-technology areas, once
developmental efforts have begun (4).

While such comparisons provide only approximate guidelines, there
nonetheless appears to be a major shortfall in federal support of
electrochemical programs, primarily in applied areas.  Given the
$13 to $24 billion potential annual new markets in electrochemistry
(Table 3-3), the consensus of the committee was that the federal funding
of applied efforts (Table 4-1) should be substantially increased, indeed
doubled, in the near term.   Thus the committee concluded that an
increase in federal support of electrochemical research on the order of
$60 million is justified, with the bulk directed toward applied
innovative research and early stages of exploratory development.  This
increase should be phased in over a period of 3 to 5 years.   Increased
support of applications-oriented efforts would be cost-effective both
for traditional electrochemical technologies and for new-generation
opportunities.

Although the committee recognized that most guidelines for research
investment are inexact, experience for medium-technology industries has
generally shown that the level of total research and development should
be about 3 percent of sales to maintain competitiveness (5).   By
this criterion, the annual total support for applied work in the range
of $500 to $800 million is justified for electrochemical applications;
of this total amount, industry, including venture capital, would
contribute the principal portion.  In the area of production of
established materials, such as metals and chemicals, the major
contributions would come from established industries.   In others, such
as advanced batteries and fuel cells, venture capital and government
could provide the major impetus.

For example, with new markets for commercial-sector batteries and
fuel cells estimated at $2 to $10 billion annually (Table 3-3), yearly
total funding of research and development on the order of $100 million
(actually $60 to $300 million, based on 3 percent of projected markets)
is warranted up to the point of commercial demonstration.  Excluding
DOD, government funding of electrochemistry associated with batteries
and fuel cells decreased from about $35 million in fiscal year 1984 to
about $20 million for 1987 (mostly for the Department of Energy).   The
aggregate of private funding is about $30 million annually.  In view of
the scientific and technical problems and the potential payoff (in terms
of new systems and new electrochemical energy conversion industries),
the present funding level is inadequate for aggressive technology
development.  A funding level twice the present value could be put to
excellent use without modifying the existing research and development
infrastructure.